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Abstract: Control effect is not ideal for traditional control method and wired control system, since greenhouse
temperature has such characteristics as nonlinear and longtime lag. Therefore, Fuzzy-PID control method was
introduced and radio frequency chip CC1110 was applied to design greenhouse wireless intelligent monitoring
and control system. The design of the system, the component of nodes and the developed intelligent
management software system were explained in this paper. Then describe the design of the control algorithm
Fuzzy-PID. By simulating the new method in Matlab software, the results showed that Fuzzy-PID method
small overshoot and better dynamic performance compared with general PID control. It has shorter settling time
and no steady-state error compared with fuzzy control. It can meet requirements in greenhouse production.
Copyright © 2014 IFSA Publishing, S. L.
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1. Introduction
China is a great agricultural country with long
history, the construction of modern agriculture needs
to rely on combination of modern information
technology. Facility agriculture is a new agricultural
industry. Greenhouse is not only an important
component of it, but also a very important form
of modern agriculture in China. Its emergence is due
to people’s continuous exploration and research
for many years. People can get artificial
meteorological environment by making use of it, and
it can reduce the natural climatic conditions and
constraints. So greenhouse has been rapidly
developed. Greenhouse temperature has the most
significant effect on the growth of crops. Therefore,
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precise
monitoring
and
stability
control
of greenhouse temperature are critical to improve
greenhouse production. People pay more and more
attention to automatic control systems for greenhouse
temperature. Compared with foreign countries, the
domestic
research
on
control
technology
of greenhouse environment started relatively late.
We introduce and study the foreign advanced
technology, and make unremitting efforts. In the
domestic, wired greenhouse control system
was developed one by one, and was applied to actual
production. But it is difficult for conventional control
methods to get ideal control effect, since greenhouse
temperature has such characteristics as nonlinear, big
lag and difficulties to establish accurate mathematical
model [1]. In addition, these conventional wired
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monitoring and control systems have some
disadvantages, such as higher development costs,
poor mobility and installation and maintenance
difficulties [2-3]. With the unceasingly expansion
of production scale and increase in the number
of greenhouse, these disadvantages have become ever
more visible, which reduce the practicability of wired
systems.
Rapid development of wireless sensor network
(WSN) technology and intelligent control theory
brought a new revolution in developing monitoring
and control systems field [4-5].Therefore, for the
above reason, this paper applied fuzzy-PID control
and wireless sensor network technology to design
wireless intelligent monitoring and control system
of greenhouse temperature. These features of the
system are simple networking and convenient
installation.

The application data range is 0~52 bytes. According
to the system requirements, design the collected data
format as shown in Table 1 and control command
format as shown in Table 2.
Table 1. Table of collected data format.
Total length
(byte)

ID
2
check
2
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2. Design of the Monitoring and Control
System
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length
1
battery
2

Node id
state
1
1
Temperature value
2

Table 2. Table of Control command format.
Total length
(byte)

The CC1110 made by TI is a true low-power sub1 GHz system-on-chip (SoC) designed for low power
wireless applications. It has an industry-standard
enhanced 8051 MCU, ADC, timers, programmable
USARTs, etc. And its high-performance RF
is of good frequency stability, high sensitivity, low
power consumption and wide frequency range. Only
a few external components are required for using it.
Its operating temperature range is -40~85 C, which
can adapt to harsh environment. So all the nodes
including End-Devices(ED) and Access Point (AP)
adopt wireless RF chip CC1110 as the
microprocessor. 433 MHz is selected as operating
frequency.
Simplici TI is a special low power RF protocol
aimed at simple and small RF network. It can reduce
the use of MCU resources. And it is a connectionbased peer-to-peer protocol. Despite few resources
required, it supports 2 basic topologies: strictly peerto-peer and a star topology. The application
programming interface (API) provides an interface
to the services of the Simplici TI protocol stack.
The small number of API calls can realize network
connection establishment, data transmission and
other functions. It is convenient to use this protocol
to realize reliable wireless communication.
So Simplici TI network protocol is selected as
wireless communication protocol.
Taking into account the need of monitoring and
control, this system adopts a star network structure in
which two or more End-Devices are on the Access
Point. The data of the system is divided into two
kinds, one is temperature value collected, and the
other is control command. Simplici TI protocol data
frame size: the minimum is 22 bytes; the max
is 74bytes, including length, destination address,
source address, port, device info, transaction id,
application data and frame check sequence.

Content and length(byte)

11

Content and length(byte)
ID
2
Motor id
1
state
1

length
1
command
1
check
2

Node id
1
battery
2

The
data
collected
by
End-Devices
are transmitted to Access Point through wireless
channel. Access Point communicates serially with
real-time monitoring platform via RS-232. And this
platform can complete storage and displaying of the
corresponding data. And according to fuzzy-PID
control algorithm, it determines whether the control
command is sent. By taking control of opening and
closing electrical equipment of End-Devices, the
system can realize wireless intelligent control
of greenhouse temperature. The system architecture
diagram is shown in Fig. 1.

Fig. 1. System architecture diagram.

End-Devices are powered by battery. And they all
adopt work/sleep mode to reduce power
consumption, which can extend battery life [6]. They
focus on the acquisition of greenhouse temperature,
receiving the control commands and wireless
communication. And composing frame of EndDevices is shown in Fig. 2. Access Point uses Mini

Sensors & Transducers, Vol. 26, Special Issue, March 2014, pp. 69-74
USB power supply mode. It is responsible
for sending data sent by End-Devices to the
monitoring computer via RS-232 serial port. It can
receive and send the corresponding control
commands. Its structure is similar to End-Devices.
But it is not responsible for collection and motor
control. So it doesn't include sensor module / relay
module.

real-time control information displaying function
is shown in block 7. System time displaying function
is shown in block 5. Data displaying and
downloading function is shown in block 6. Data
displaying function includes greenhouse information,
temperature values and the curve of temperature
changes. Historical data download interface can be
called up by clicking the button in block 6. Users can
choose the time and greenhouse ID stored in
database. Then the corresponding data are imported
into an excel table.

Fig. 2. Composing frame of End-Devices.

For the convenience of users, we developed the
intelligent management software of greenhouse
temperature, which is developed by using Visual
Studio 2010 as the software development tool and
SQL Sever 2008 as data storage database.
The software includes such functions as real-time
data monitoring and displaying, automatic / manual
control of electrical equipment and historical data
storage and querying. For different users, this
software system sets three types of login permission.
When users log in, they need to select their
corresponding permissions. Its user login interface
diagram is shown in Fig. 3.

Fig. 3. User login interface diagram of intelligent
management software of greenhouse temperature.

Users can enter the main interface of the system
after login successfully. The main operation interface
diagram of this software system is shown in Fig. 4.
As shown in Fig. 4, the menu bar of the software
is shown in block 1. Serial Port setting function
is shown in block 2. System parameters setting
function is shown in block 3, which is achieved by
clicking on the button to call up the settings interface.
Control mode selection function is shown in block 4,
which can achieve automatic / manual control. And

Fig. 4. Main operation interface diagram of intelligent
management software of greenhouse temperature.

3. Control Method
Conventional PID controller has some advantages
such as simple, good stability and high reliability.
But for complex systems which are nonlinear,
time-varying and models unclear, in general, it can’t
achieve desired control effects [7-8]. However fuzzy
controller can avoid some shortcomings of PID
controller. But it does not have integral action, so it is
difficult to eliminate static error [7-8]. In conclusion,
we can see that fuzzy controller belongs to difference
control method. Therefore this paper adopts fuzzyPID control method, which can combine advantages
of these two controllers. The control strategy
is adjusting control mode according to the size
of temperature deviation. When deviation is greater
than threshold value, system adopts fuzzy control,
which can make system response output fast by
tracking system input. When deviation is less than
threshold, system deviation has been greatly reduced.
At this time, system adopts PID control to eliminate
steady state error using its integral action, which can
enhance the accuracy of system. The controller
structure is shown in Fig. 5.

Fig. 5. Controller structure.
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3.1. Fuzzy Control
Fuzzy controller adopts two-dimensional structure
of double input variables. The input variables are
temperature deviation e and the rate of its change ec.
The output variable U is different combinations
of electrical equipment which can regulate
temperature. Fuzzy subsets of input variables and
output variable are {NB, NM, NS, ZO, PS, PM, PB}.
The physical value of e is [-4, 4]. And the physical
value of ec is [-0.6, 0.6]. The domain of e is {-6,-5,4,-3,-2,-1,0,1,2,3,4,5,6}, and it is discredited and
divided into 13 grades, so is ec. Assume that basic
domain of the variable is [a, b], and fuzzy subset
domain of the variable is {-n, -n+1,..., 0 ,..., n-1, n},
the quantization factor calculating formula is:

K

2n
,
ba

(1)

where K represents the quantization factor to be
calculated.
What can be calculated based on the formula is:
Ke=1.5, and Kec=10. Due to people's thinking
of judgment following a normal distribution, the type
of the membership function of e and ec is selected
normal function. The domain of the output variable U
is {-6,-5,-4,-3,-2,-1,0,1,2,3,4,5,6}. And the type
of the membership function of U is selected trimf
function which is easy to implement.
Control rules are core of the fuzzy controller.
They are the set of fuzzy conditional statements
summarized based on the growth of greenhouse crops
and manual control experience [9]. They can be
written as: IF E=…and IF EC=…then U=….So based
on a summary of manual control strategy and actual
operation experience, the regulating rules of fuzzy
controller are shown in Table 3.
Table 3. Rule table of fuzzy controller.
EC

U

NB NM NS ZO PS PM PB
NB PB PB PB PB PM ZO ZO

E

NM PB PB

PB PM PM ZO ZO

NS
ZO
PS
PM
PB

PM
PS
ZO
NS
NM

PM
PM
PS
ZO
ZO

PM
PS
PS
ZO
ZO

PS
ZO
NS
NS
NM

ZO
NS
NM
NM
NB

NS
NM
NM
NB
NB

NS
NM
NB
NB
NB

According to the relationship R=E×EC×U, the
control output U is calculated for each state. Since U
is a fuzzy quantity which can’t be directly applied to
the controlled object, it is necessary for the fuzzy
volume U to be transformed into an exact control
quantity with some reasonable methods, which is
called clarity [10]. This paper uses center of gravity
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method (COA) for clarity to get exact control
quantity u applied to the controlled object. And the
formula is:
n

n

i 1

i 1

u   ui  A(ui ) /  A(ui )

(2)

where A(ui) is the ui-th membership function of the
set A on the domain u and ui is the i-th element of the
domain u.

4. Analysis of Simulation
4.1. Establishment of Object Model
In general, greenhouse temperature model can be
used first order inertia and lag to describe
approximately [11], its transfer function is:

G ( s) 

K  e s
Ts  1

(3)

where K is the static gain of the object, T is the time
constant of the object and τ is the pure time delay
of the object.
The method which is usually used to approximate
the transfer function in engineering can be
summarized as follows: Step input signal is applied
to the control object. Then the step response
of control object is measured. And approximate
transfer function curve is determined based on the
step response measured before [12]. According to the
control object of this paper, given the input of 25 C,
we can observe collecting data through intelligent
control and management system of greenhouse
temperature. Then according to Cohn-Coon formula,
the object parameters can be calculated. And the
formula is as follows:

K =C / M
T  1.5(t 0.632  t 0.28)
1
  1.5(t 0.28  t 0.632 )
3

(4)

where M is step input amplitude of system, C is
output response amplitude of system, t0.28 is the value
of time when the value of the object transition curve
equals to 0.28C and t0.632 is the value of time
when the value of the object transition curve equals
to 0.632C.
What can be calculated based on these formulas
are: K =0.92, T =144, τ =120.

4.2. Simulation
In this paper, Matlab/Simulink is used
as simulation environment. PID controller and fuzzy
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controller are tested at the same time for comparison.
The parameters of PID controller, scaling factor kP,
integrating factor kI, differentiation factor kD, are
calculated based on Ziegler-Nichols formulas
as follows:

k P  1.2 T   1.2  144 120  1.44

kI  k P Ti  1.44 240  0.006
kD  kP  Td  1.44  60  86.4

(5)

Then these parameters are adjusted manually.
Setting values at 25 C and 20 C respectively.
The comparing charts of the system response curve
are shown in Fig. 6 (a) and (b). In Fig. 6, line 1 is the
simulation curve of PID controller, line 2 is the
simulation curve of fuzzy controller, and line 3 is the
simulation curve of fuzzy-PID controller. As shown
in Fig. 6 (a), when the setting value is 25 C, PID
controller performance indexes are: Settling time tss is
about 1100 s, overshoot δ % is 7.29 %, and steadystate error ess is 0. Fuzzy controller performance

indexes are: Settling time tss is about 1200 s,
overshoot δ % is 0 %, and steady-state error ess is
0.278. And fuzzy-PID controller performance
indexes are: Settling time tss is about 1000 s,
overshoot δ % is 0.75 %, and steady-state error ess is
0. As shown in Fig. 6 (b), when the setting value is
20 C, PID controller performance indexes are:
Settling time tss is about 1060 s, overshoot δ % is
7.61 %, and steady-state error ess is 0.
Fuzzy controller performance indexes are:
Settling time tss is about 1250 s, overshoot δ % is 0
%, and steady-state error ess is 0.222. Fuzzy-PID
controller performance indexes are: Settling time tss
is about 980s, overshoot δ % is 0.62 %, and steadystate error ess is 0.
While for the PID controller, as shown in
Fig. 7 (b), there is a certain vibration. And the
vibration time is longer, overshoot is large, the time
to reach steady state process is relatively long. So
fuzzy-PID controller is superior to PID controller in
dynamic performance.

(a)

(b)
Fig. 6. Simulation comparison chart of system response.

(a)

(b)

Fig. 7. System simulation chart when the given input changes.
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5. Conclusions
This paper designed fuzzy-PID control algorithm
for greenhouse temperature. Simulation results show
that this controller has fast response, small overshoot
and no steady-state error. It improves static
performance of control system and has good dynamic
performance. So it can meet control demand.
In addition, the system can achieve wireless
acquisition and control of greenhouse temperature
combined with radio frequency chip CC1110, which
can reduce the cost and improve the practice
of control system. In addition, we develop the
intelligent management software of greenhouse
temperature to raise utility, and it is friendly to users.
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